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NITRIFICATION 

 

8.1 General 

 

8.1.1 Applications 

 

Nitrogen exists in treated wastewater primarily in the form of ammonia which is oxidized 

to nitrate by bacteria.  This process requires oxygen and can exert a significant oxygen 

demand on the receiving water. 

 

Nitrification shall be considered when ammonia concentrations in the effluent would 

cause the receiving water to exceed the limitations established to prevent ammonia 

toxicity to aquatic life, or when the effluent ammonia quantity would cause the dissolved 

oxygen level of the receiving stream to deplete below allowable limits.  The degree of 

treatment required will be determined by the NPDES permit limit. 

 

8.1.2 Process Selection 

 

Calculations shall be submitted to support the basis of design. The following factors 

should be considered in the evaluations of alternative nitrification processes: 

 

a. Ability to meet effluent requirements under all environmental conditions to be 

encountered, with special emphasis on temperature, pH, alkalinity, and dissolved 

oxygen. 

 

b. Cost (total present worth) 

 

c. Operational considerations, including process stability, flexibility, operator skill 

required, and compatibility with other plant processes. 

 

d. Land requirements. 

 

8.2 Suspended Growth Systems 

 

8.2.1 Single - Stage Activated Sludge 

 

This section details the requirements for activated sludge systems designed to both 

remove carbonaceous matter and oxidize ammonia. 
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8.2.1.1 Process Design 

 

Design must provide adequate solids retention time in the activated sludge system for 

sufficient growth of nitrifying bacteria.  A safety factor of 2.5 or greater should be used to 

calculate the design mean cell residence time or sludge age. This safety factor must be 

large enough to provide enough operational flexibility to handle diurnal, peak, and 

transient loadings.  The calculation of the solids retention time shall consider influent 

BOD, TSS, BOD5/TKN (Total Kjeldahl Nitrogen) ratio and kinetic parameters.  The 

kinetic parameters can be taken from the literature, similar installations, or pilot plant 

studies.  The effect of temperature on the kinetics must be considered since nitrification 

will not proceed as rapidly during winter months. 

 

8.2.1.2 Special Details 

 

The following requirements are in addition to those included in Chapter 5, 

"Clarifiers", and Chapter 7, "Activated Sludge": 

 

a. Sufficient oxygen must be provided for both carbonaceous BOD oxidation 

and ammonia oxidation.  Use 4.6 pounds O2 per pound total Kjeldahl 

nitrogen to calculate the oxygen requirements for nitrification, in addition to 

the oxygen needed for BOD removal. 

 

b. Aeration basin design dissolved oxygen shall be greater than or equal to 2.0 

mg/l. 

 

c. Diurnal peak mass flow rates of BOD and total Kjeldahl nitrogen must be 

considered in the aeration system design. 

 

d. The pH levels must be controlled within the range of 6.5 to 8.4.  

Nitrification is optimized in the upper portion of this range (7.9 to 8.4) but 

pH levels in the range of 7.6 to 7.8 are recommended since CO2 produced 

will be released from the wastewater. 

 

e. Nitrification requires alkalinity, 7.1 pounds as CaCO3 per pound NH3-N 

oxidized.  The wastewater must be shown to have sufficient alkalinity or 

chemical treatment must be considered to provide adequate alkalinity. 

 

f. Clarifier and return sludge pumping must be designed with the capability to 

allow operation over a range of solids retention times. Flexibility should be 

provided to prevent denitrification in the clarifier from low D.O.  

levels in the sludge blanket.  This could cause violations of other effluent 

limits (i.e., suspended solids). 

  



January 2016 8-4 Design Criteria Ch. 8 

8.2.2 Two-Stage with Activated Sludge Nitrification 

 

This section details the requirements for systems in which carbonaceous BOD is removed 

in the first stage and ammonia is oxidized by activated sludge in the second stage.  BOD 

removal in the first stage could be by activated sludge, trickling filters, or 

physical - chemical treatment. 

 

8.2.2.1 Process Design 

 

The first stage shall be designed using the requirements of the appropriate 

chapters, such as activated sludge, trickling filters, and clarifiers. To promote a 

sludge with good settling characteristics in the second stage clarifier, some 

carbonaceous BOD shall enter the second stage aeration basin.  This allows a less 

conservative design of the first stage as long as total BOD removal is sufficient.  

The requirements for the process design of the second stage are the same as those 

presented previously for the single-stage nitrification system. 

 

8.2.2.2 Special Details 

 

The following details are in addition to those in Chapter 5, "Clarifiers,"  

Chapter 6, "Fixed Film Reactors," and Chapter 7, "Activated Sludge." 

 

a. Sufficient oxygen must be provided for both carbonaceous BOD oxidation 

and ammonia oxidation. Use 4.6 pounds O2 per pound total Kjeldahl 

nitrogen to calculate the oxygen requirements for nitrification, in addition to 

the oxygen needed nitrogen to calculate the oxygen requirements for 

nitrification, in addition to the oxygen needed for BOD removal. 

 

b. Aeration basin design dissolved oxygen shall be greater than or equal to 2.0 

mg/l. 

 

c. Diurnal peak mass flow rates of BOD and total Kjeldahl nitrogen must be 

considered in the aeration system design. 

 

d. The pH levels must be controlled within the range of 6.5 to 8.4.  

Nitrification is optimized in the upper portion of this range (7.9 to 8.4) but 

pH levels in the range of 7.6 to 7.8 are recommended since CO2 produced 

will be released from the wastewater. 

 

e. Nitrification requires alkalinity, 7.1 pounds as CaCO3 per pound NH3-N 

oxidized.  The wastewater must be shown to have sufficient alkalinity or 

chemical treatment must be considered to provide adequate alkalinity. 
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f. Clarifier and return sludge pumping must be designed with the capability to 

allow operation over a range of solids retention times.  

Flexibility should be provided to prevent denitrification in the clarifier from 

low D.O. levels in the sludge blanket.  This could cause violations of other 

effluent limits (i.e., suspended solids). 

 

8.3 Fixed - Film Systems 

 

8.3.1 Trickling Filters 

 

 8.3.1.1 Process Design 

 

Recirculation is required to provide a constant hydraulic loading on the medium. 

 

 a. Single - Stage 

 

This section details the requirements for a trickling filter that is designed for both 

carbonaceous BOD removal and ammonia oxidation.  Design shall be based on 

the organic loading expressed as pounds BOD per 1,000 cubic feet.  The design 

loading rate shall by justified from literature, similar installations, or pilot plant 

data for a particular depth and type of filter medium.  Design shall consider 

temperature effects on ammonia removal and organic loading rates, and any 

proposal to attain nitrification in a single-stage rock media trickling filter will be 

more closely scrutinized than with other types of media. 

 

 b. Two - Stage 

 

This section details the requirements of using a trickling filter for nitrification 

which is preceded by a trickling filter, activated sludge system, or 

physical - chemical treatment for carbonaceous BOD removal.  Design must be 

based on either a surface area loading expressed as square feet per pound NH4-N 

oxidized per day or a volumetric loading expressed as pounds NH4-N per 1,000 

cubic feet per day.  Loading rates must be justified from literature, similar plants, 

or pilot plant data.  The effects of temperature on loading rates and ammonia 

oxidation must be considered in the design. 

 

  

8.3.1.2 Special Details 

 

The following requirements are in addition to those in Chapter 5, "Clarifiers," and 

Chapter 6, "Fixed  Film Reactors." 

 

a. Clarifiers will be required for second-stage trickling filters for nitrification. 
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b. Higher specific surface area and lower void ratio media may be used for 

second-stage trickling filters providing nitrification. 

 

8.3.2 Activated Biofilter (ABF) Process 

 

8.3.2.1 Process Design 

 

Process design shall be based on the literature, similar installations, or pilot plant 

data.  The design shall consider the effects of temperature, pH, and aeration 

basins. 

 

8.3.2.2 Special Details 

 

a. Sufficient oxygen must be provided for both carbonaceous BOD oxidation 

and ammonia oxidation.  Use 4.6 pounds O2 per pound total Kjeldahl 

nitrogen to calculate the oxygen requirement for nitrification, in addition to 

the oxygen needed for BOD removal. 

 

b. Aeration basin design dissolved oxygen shall be greater than or equal to 2.0 

mg/l. 

 

c. Diurnal peak mass flow rates of BOD and total Kjeldahl nitrogen must be 

considered in the aeration system design. 

 

d. The pH levels must be controlled within the range of 6.5 to 8.4.  Nitrification 

is optimized in the upper portion of this range (7.9 to 8.4) but pH levels in the 

range of 7.6 to 7.8 are recommended since CO2 produced will be released 

from the wastewater. 

 

e. Nitrification requires alkalinity, 7.1 pounds as CaCO3 per pound NH3-N 

oxidized.  The wastewater must be shown to have sufficient alkalinity or 

chemical treatment must be considered to provide adequate alkalinity. 

 

f. Clarifier and return sludge pumping must be designed with the capability to 

allow operation over a range of solids retention times. Flexibility should be 

provided to prevent denitrification in the clarifier from low D.O. in the 

sludge blanket.  This could cause violations of other effluent limits (i.e., 

suspended solids). 
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8.3.3 Submerged Media 

 

8.3.3.1 General 

 

This section includes all designs for fixed-film reactors using stones, gravel, sand, 

anthracite coal, or plastic media or combinations thereof in which the medium is 

submerged and air or oxygen is used to maintain aerobic conditions.   

Pilot plant testing or a similar full-scale installation with a minimum of 1 year of 

operation is required before consideration will be given to a submerged design. 

No design will be considered unless the following can be demonstrated: 

 

a. Reliable operation 

 

 b.   Ability to transfer sufficient oxygen 

 

c.   Ability to handle peak flows without washout of medium 

 

d.  Methods of separating suspended solids from effluent, removing waste sludge, 

and stabilization and dewatering of waste sludge 

 

 e.   Media resistance to plugging 

 

 

8.3.3.2 Process Design 

 

Data for design and calculations shall be submitted upon request to justify the 

basis of design. 

 

8.3.4 Rotating Biological Contactors 

 

8.3.4.1 Process Design 

 

Process design shall be based on the surface area loading expressed as gallons per 

day per square foot.  Design surface area loading shall consider the number of 

stages, temperature, BOD concentration entering and leaving each stage, and 

ammonia concentration entering and leaving each stage.  Calculations shall be 

submitted upon request to justify the basis of design. 

 

8.3.4.2 Special Details 

 

The following requirements are in addition to those set forth in Chapter 5, 

"Clarifiers," and Chapter 6, "Fixed Film Reactors." 
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a. Standard media (100,000 square feet per shaft or less) shall be used until 

influent BOD concentration is less than manufacturer's recommendation for 

high-density media (150,000 square feet per shaft or more).  High-density 

media may be used for influent BOD concentrations less than manufacturer's 

recommendation for high-density media. 

 

b. Clarifiers will be required following rotating biological contactors that follow 

a secondary process. 

 


